Abstract: Galam's model of people voting always against the majority is shown to give for the quenched case different results than the original annealed model. For people diffusing on a lattice, Galam's phase transitions happen only at higher concentrations of people.
Galam [1] suggested a model of opinion formation with a small minority of what he called "contrarians", who always have the opinion opposite of that of the majority. He found a phase transition without contrarians such that the opinion which is initially shared by more than half of the agents after sufficiently many iterations is shared by everyone: Total polarization. With a small fraction a of contrarians the phase transition stays at 1/2 but leads no longer to total polarization. Above a critical fraction a c = 1/6 the phase transition vanishes, and the two possible opinions are shared each by half the agents. (Since a and 1 − a seem to be equivalent we take a ≤ 1/2.) Analogously, spinodal decomposition in a Glauber-kinetic Ising model gives a spontaneous magnetization of 100 percent at zero temperaure T , a spontaneous magnetization below 100 % for 0 < T < T c , and no spontaneous magnetization for T above the critical temperature T c . We now test if this analogy between contrarians and temperature remains valid if we get rid of Galam's restriction that always three people meet and form a majority opinion. Our generalization then also allows to study the effect of a bias [2] , that one of the two opinions ("status quo") is taken in the case of a tie vote. The simulation methods are similar to [3] .
First, we present a Monte Carlo simulation of the Galam contrarian model, for two different implementations of contrarianism. At the start, every agent has one of two possible opinions (spins) ±1 selected randomly, with a given initial probability of, say, the up opinion. At each time step, 3 agents are selected at random and form a local group; their opinions are then updated accordingly to a majority rule: winner takes all, and all 3 agents have the same opinion at the end. Contrarians are those agents that disagree with the majority, and after an update end up with the minority opinion. In the annealed implementation of contrarians, for which Ref. [1] presents an analytical solution, when a local group is to have its opinion updated, a fixed fraction a of the agents is randomly chosen to be contrarian. An individual that is tossed as a contrarian in one time step may act as a non-contrarian in the next. For a more realistic quenched contrarianism version, on the other hand, a fraction a of the population is randomly selected as contrarians at the beginning of the simulation, and they keep this character throughout the dynamics.
The results, shown in Figure 1 , confirm the analytically derived critical fraction of contrarians if these are annealed (a c = 0.17). Above this concentration, no majority is formed in the long run and one gets the hung scenario refered to in [1] . For the quenched version, the hung scenario is still present, but now the critical fraction of contrarians is much higher. Our estimate for its value is a c = 0.39. All runs had the same parameters: the total population was 10, 000, results were averaged over the final 10, 000 steps out of a total of 500, 000 updates, and also averaged over 100 different samples, with an initial probability of the +1 opinion (up spin) equal to 0.45 as in [1] .
After this simulation close to the original Galam model, we now present Monte Carlo simulations of interacting agents diffusing on a square lattice. Initially we distribute agents randomly with concentration x on a hypercubic lattice in d dimensions. Thus they form small percolative clusters with s = 1, 2, 3, . . . the same odd number of agents, like s = 3.) Every agent has one of two possible opinions ±1, selected randomly, just like in the original model. At each iteration every agent makes (typically) three diffusion steps, i.e. it selects randomly one of the 2d nearest neighbours and moves there if the site is empty. The moving agent carries its opinion with it. In this way a new percolative cluster distribution is formed. Then each cluster of agents determines the majority opinion within that cluster; and all agents within that cluster are then convinced by this opinion. In the case of a tie vote for even s, impossible for the s = 3 case of [1] but possible in [2, 3] , the majority opinion is found randomly if we simulate no bias, and it is −1 or "status quo" if we simulate bias. After this exchange of opinions for all clusters, one iteration is finished and the next starts with diffusion of agents, as above. The contrarian people are stubborn agents, forming a random fraction a of all agents, and carrying their stubbornness with them while diffusing: quenched. Their opinion is always opposite to that of the cluster to which they belong, even if that opinion was determined randomly. Similar effects were simulated in the Sznajd model [4] . Our simulations without contrarians and without bias gave in all ten L×L square lattices a complete consensus, either all opinions +1 or all opinions −1, about equally often; the average time to reach this consensus increases from 225 for L = 11 to about 27,000 for L = 71. With a small fraction of contrarians on small lattices still a complete consensus is reached, but this artifact vanishes for a larger number of contrarians and a finite observation time. The "magnetization" m is the number of up opinions minus the number of down opinions and fluctuates wildly, having positive and negative values. We thus take its root-mean-square M as order parameter,
where the brackets indicate a time average. We also average M in Fig. 2 all time intervals and samples. Fig. 3 repeats some of these data to show that M vanishes as 1/L, as is expected from fluctuations in finite two-dimensional systems. Thus for x = 1/4 this percolation model does not show a positive order parameter like a spontaneous magnetization, for small a, and thus also no upper critical fraction of contrarians, in contrast to the simple model of [1] . An entirely different picture evolves if the concentration x of agents on the square lattice is doubled from x = 1/4 to x = 1/2. Now, starting from half the opinions up and half down, after thousands of iterations a wide consensus evolves: one opinion is much more frequent that the other; thus we have ferromagnetism in the Ising-model analogy, for not too large temperature (= contrarian fraction a). Then it is more practical to start with 90 percent of the opinions up and 10 percent down and to check whether this initial majority survives (ferromagnetism) or is replaced by about equal numbers Very different are the results when the bias is switched on, such that a cluster with evenly divided opinions always agrees on the status quo (−1). Starting again with 90% of the votes at +1, we arrive at a majority for −1 at low concentrations x, while for x above the percolation threshold the majority stays at +1, as shown in Fig. 6 .
In summary, only for large enough agent concentrations x, but below the percolation threshold, do our results look similar to those of Galam [1] . The infinite cluster for x above the percolation threshold prevents the emergence of another opinion and might be interpreted as a dictatorship.
